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Abstract 



Using Bloch-Nordsieck approximation fermion propagator in 3-dimensional 
gauge theory with topological mass is studied. Infrared divergence of Chern- 
Simon term is soft,which modifes anomalous dimension. In unquenched 
pH ' QCD with 2-component spinor anomalous dimension has fractional value,where 

order parmeter is divergent. 



j> '. 1 Introduction 

On 

The Lagrangeans of Topologically massive gauge theory with fermion arelflj) 
L = ±F^F^ + he^F tl „A p +^(i 7 -(d-ieA)-m)^ + ±(d-A) 2 1 (1) 

o 
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|Xj ■ + V(*7 • (9 - ieA) - m)V + ^ (d ■ A) 2 (2) 
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,where 9 = (g 2 /4ir)n, (n = 0,±1,±2...) with 7 matrix for 4-comonent fermion 
([2]). In comparison with massless QED3, QCD3 topological mass term seems to 
soften the infrared divergence of massive fermion near its on-shell.In Minkowski 
metric we have 5 7 matrices {7^, 7„} = 2g^ v , (p = 0, 1, 2) 

f cr 3 \ ,/ff 12 \ f I \ ( -il 

^={0 -a 3 )^ 2 = - l {0 -a,, 2 )^ = {l )^={il 

— i 1 ± t 

t = Y^4>7 5 ] = diag(I,-I),T± = — ^— . (3) 

There are two redundant matrices 74 and 75 which anticommutes with other 
three 7 matrices. There exists two kind of chiral transformation ip — > exp(za7 4 )^, ip — > 



1 



exp(a^f 5 )tp.The matrices {74, j 5 , I4, r} generate a U(2) chiral symmetry contain- 
ing massless spinor fields. This U{2) symmetry is broken down to J7(l) x (7(1) 
by a spinor mass term m e ijjip and parity violating mass rrioipTip, where tprtp 
is a spin density.Here after we take 4-component spinors to study chiral sym- 
metry breaking by m e iprp in pure QED3, where iprip is invariant under chiral 
transformation. After that the effects of Chern-Simon term will be studied by 
2-component spinors. 



2 Fermion spectral function 

The spectral function of 4-component fermion and photon propagator Q are 
defined as 



S F (x) = S° F (x)exp(F{x)),S F (x) = -(i^-d + m f^ m ^_^ l_ (4) 
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n o _ { 9v-y k^kjy/k 2 iOe^i/pk 13 jk 2 . .,k^ky 

D F [k)--%{ k 2_ 6 2 +le > +ld —> {5 > 

where F is an 0(e 2 ) matrix element |Ti | 2 for the process electron (p+k) — ^-electron 
(p)+photon (k) as 

Tl = _ ie e ^(M) — exp + _ 
7 • (p + k) — m 



2m (p ■ k) 2 p-k k 2 m Ad p ■ fc' 

/(fih _ 
——eMikx)8(k )S(k 2 -8 2 )Y,TiT 1 . (8) 
^ ^' x,s 
Here we use the retarded propagator to derive the function F 



(x,9 2 ) 



D + (x) = [ -f^ exp(zfc • x)9(k )5(k 2 - 9 2 ) = ^^Uf> (9) 
J i(2iry 8-kiV-x 2 

The function F is evaluated by a integration for pure QED3([5] 

roc poo q 

F = ie 2 m 2 / adaD F (x + ap) — e 2 / daD F (x + ap) — i(d — l)e 2 — 
Jo Jo 80 

_ e 2 expMH)-%|£i(%l) E 1 (0\x\) | (d - 1) exp(-g |x|)) 

87T TO 29 

It is well known that function F has linear and logarithmic infrared divergence 
with respect to 9 where 9 is a bare photon mass. Here we notice the followings.(l) 
exp(i ? ) includes all infrared divergences. (2) qucnhcd propagator has linear and 
logarithmic infrared divergences. Linear divegence is absent in a special gauge. In 
unquenched case dependence of exp(i^) is modified by dressed boson spectral 
function to J dsp 7 (s) exp(F(x, y/s), where irp y (s) = — 3(s — n(s)) . 
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3 Phase strucutures 



For short and long distance we have the approximate form of the function F 

F S ~ A-6\x\+{D+C\x\) ln(6 \x\))- {d + 1 {0 \ x \ « 1)>Fl „ (1 « ^Q, 

l07T 

From the above formulae we have 

exp(F) = A(9\x\) D+c ^(9\x\ « 1), A = exp(^I±-^ + p-), 

e 2 e 2 

C= — ,D = —- , (12) 
8tt' 87rm' V ' 

where m is the physical mass and 7 is an Euler's constant. Here we see D acts 
to change the power of |x|.For D = 1, 5^(0) is finite and we have (i/jif)) ^ dU 
[6]). Thus if we require D — l,we obtain m — e 2 /87r.In the same way we add the 
conrtribution of Chern-Simon term. For simplicity we consider the 2-component 
spinors in(7).In the condensed phase we have the modified anomalous dimension 
for 9 > 

D = — + _l_ = i,m = i_),Am = - — l^r/(l 1— ). (13) 

87rm 32tt(9 8tt /v 32tt0" 87r 327r0 /v 327r6r v 7 

In unquenched case there are parity even and odd spectral function of gauge 
boson by vacuum polarization([T|).In this case we separate D into parity even 
and odd contribution D e — e 2 /8irm, D° — e 2 /327r#.For Topologically Massive 
QCB,9 is quantized with n(0, ±1, ±2, ..).Thus we have D = e 2 /(87rm) + l/8n = 
1 for quenched case, and D e = e 2 /8nm — 1,D = l/(8n) for unquenched 
case, which leads to (tpip) = 00 for any n ^ O.In the 4-component spinor free 
fermion propagator is decomposed into chiral representation 



S F (P) = — T = (7-P + m+)r + + ( 7 -p + m-)r_ _ 

m e l + moT — 7 • p p z — mi + le p z — m -J- 1c 



The difference in two spectral functions is a opposite sign of each Chern-Simon 
contribution for T-|-.In Toplogically massive gauge theory dynamical mass is par- 
ity even and Chern-Simon term shifts mass of different chirality with opposite 
sign. However shifted mass may not strongly depend on 9 but Otpip) is propor- 
tional to 0(12)@.Our approximation is convenient for unquenched case by the 
use of gauge boson spectral function© . 
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